Q e i a . u d g . es r a k o t o a e m n .fr A b s t r a c t -Piecewise linear models systems arise os mathematical models of systems in many practical applications, often from linearization for nonlinear systems. There are two main approaches of dealing with these systems according to their continuous o r discrete-time aspects. We propose an approach which is based on the state transformation, more particularly the partition of the phose portrait in different regions where each subregion is modeled os a two-dimensionol linear time invariont System. Then the Takagi-Sugeno model, which is a combination of local model is calculated. The simulation results show that the Alpha portition is well-suited for dealing with such a system.
1 Introduction of a hybrid system. On the other hand, Takagi-Sugeno models have been used for modeling nonlinear systems with good approximations, see [l] , [9] and [2] for some approaches. The idea of partitioning the phase portrait has been proposed, amomg all other approaches, in [SI In this paper we propose an approach that decomposes the phase portrait in different regions where each subregion is modeled as a tu-*dimensional linear time invariant (LTI) system. In order to complete the model defining the transition functions the TakagiSugeno framework based in fuzzy sets theory is used. This paper is organized as follows. First the state transformation idea is explained in Section 2, in Section 3 the Takagi-Sugeno model is presented and its relation with the piecewise linear systems is defined. Section 4 presents an application to illustrate the methodology. Finally some conclusions are given in Section 5 . One approach of linearization of nonlinear system is the change of coordinates. In our case the objective is to .~ reduce the . . number of the local models maintaining tinuous state s&e. For a historical I&t of references, the degree Of the approximation.
one can refer to [6] and the references therein.
For the analysis of piecewise linear systems, the different approaches can be divided into two main classes: For discrete time dynamics, some attempts have been made to formulate analysis procedure based on properties of affine mapping and polyhedral sets [IO] . For continuous time dynamics, a method for qualitative analysis of piecewise linear systems based on vector field cousiderations have been developed [7] .
Modeling of a system using piecewise linear approximations is an interesting approach applied to nonlinear systems, in [I21 the embedding theory for nonlinear systems is used in order to apply linear subspace identification, in [3] a nonlinear adaptive structure using networks of piecewise linear systems is studied and more recently in sure. This means that the scaled signals reproduce the same dynamic expression. Decoupling the two states froin the dynamics and amplitude, the alpha signal is related to the dynamics and the output to the amplitude, it is possible t o partition the range of variation into the regions according the local models. Partition for the output measure, related by the non-linearities of the gain, and the partition of the alpha measure according the local linear models, from the linear or non-linear dynamics of the system depending on bilinear factors, Volterra components for example.
In this manner the controllers are decoupled, and the control action is the combination of the two signals, the control action to sequencing the local models to stabilise the system , and the control action to adjust the output signal at desired set point. The gain controller I<, is a Gain Scheduling factor, which assigns different gain according t,he local model approximated, measured by the alpha limits for each region. Of the same form, I(y is a gain factor governed by the output measure on the local limits.
The objective is to identify the local models and its bounds, *-here each subregion is modeled by a secondorder linear time invariant (LTI) equation. 3 
Takagi-Sugeno Model
The Takagi-Sugeno model [ll] is acombination of LTI local models. The membership functions of each LTI model is obtained with the outputs of the nonlinear signals.
The fuzzy linear model proposed by Takagi and Sugeno is a set of fuzzy rules, where the antecedent component is a fuzzy subset and its consequent component is a dynamical model, with the addition of fuzzy reasoning. The rules can be modeled as follows, Using the Alpha Graph, the membership functions are calculated by the variable a and the measured output y ( t ) , according t o the partition seen previously.
In this case the partition function is used as a supervisor of the process w-hose determine de linear local model of the non-linear process based on the fuzzy representation and choice the appropriated regulator pre-designed for the linear model. In this form, the analysis of the controller and the system can be achieved using t.he supervision techniques available for hybrid systems, such as is studied in [4] . This methodolow is schematized in Figure 3 .
Application
The transformation method is now applied t o the following system: i ( t ) = -1.6xi(t)u(t) -3.3~2(t)-3x.l(t)-xa(t) + u ( t ) a ( t ) = Z l ( t ) , & ( t ) = m ( t ) , * 4 ( t ) = xz(t),y(t) = n ( t ) This system has been simulated with MATLAB using the SIMULIKK block diagrams. The simulation results show that the system can be divided into 5 different LTI The Control Scheme models, according to the value of the measured output y ( t ) . The step response shows that the signal has a small delay and the other signal is oscillating as depicted in Figure 7 . In Figure 6 , the output signal unstable and oscillating. A more complete set of results can be found in the PhD Thesis report [4] .
Conclusions
We have presented in this paper a new-approach for modeling a particular class of hybrid systems: The piecewise linear systems. This approach is based on the state transformation, more particularly the partition of the phase portrait in different regions where each subre- 
